The greatest hurdle for the export of locally produced ripe 'MD-2' pineapple to overseas markets is the poor visual quality of the fruit, usually affected by shipping time and/or marketing conditions. Quality changes of ripe (shell color with ¾ yellow surface and degree Brix above 14) 'MD-2' pineapples have been studied after treatment with 1-MCP applied before and after carnauba based wax. The fruit storage environment and the experimental period studied simulated shipping and marketing conditions considering Ceará State in Northeast Brazil as the production site and the Netherlands in Europe as the market place. Evaluation included fruit visual quality, degree of shell yellowing, mass loss, firmness, flesh translucency and color, content of soluble solids (SS), titratable acidity (TA), pH, SS / AT ratio, contents of vitamin C, total and reducing sugar, carotenoids, and flavonoids. Temperature was the key factor for the maintenance of fruit visual quality. Waxing kept fruit visual quality and delayed shell yellowing, but these effects were not improved by application of 1-MCP, neither before nor after waxing. The addition of 1-MCP to the application of wax increased contents of flavonoids and carotenoids toward the end of the storage time, but did not affect flesh luminosity or color, which remained stable throughout storage. TA was reduced by the application of wax, while SS to TA ratio increased. The decrease in total sugar and vitamin C contents, as well as the increase in reducing sugar and pH, were higher after transfer of fruits from shipping to market conditions than throughout the shipping period. Translucency of the flesh seemed to be increased by application of the treatments, but only near the end of the experiment.
INTRODUCTION
Pineapple (Ananas comosus comosus) is a tropical fruit very appreciated all over the world due to its excellent sensorial qualities. Pineapple production destined to export from Ceará state, Brazil, has more than doubled from 2006 to 2007 (SDA, 2007 , stimulated by favorable climate conditions and privileged geographical location of the state in relation to the European markets.
However, changes in fruit quality associated with the ripening process became a hurdle for the export of whole, fresh field-ripened, full-flavor, pineapples to overseas markets. As a consequence, growers are enforced to export partially ripe rather than fresh ripe pineapples and thereby affecting an important share of the market.
The development of new and improved methods for keeping quality and extending shelf-life of fruits, together with a rigid temperature control, however, has made it possible to ship whole ripe fruits to distant markets. As a result, consumers that have been used to canned or partially ripe fruits are now becoming more aware of the flavor of fieldripened fresh pineapples.
Among the new technologies, 1-Methylcyclopropene (1-MCP), sold under the commercial name of SmartFresh TM , stands out for its effect on delaying fruit ripening and softening (Blankenship and Dole, 2003; Watkins et al., 2004) , and has been commercially used to extend shelf-life of apples (Malus domestica Borkh). On the other hand, wax has been used in China since the 12 th and 13 th centuries as a coating to retard desiccation of citrus fruits (Farber et al., 2003) . Most recently, edible films and coatings made from different compounds have been applied to a variety of fruits. Studies have shown that application of carnauba-based wax emulsion helps to keep visual quality of apples, citrus, and other firm surface fruits (Guilbert et al., 1996) .
The objective of this work was to study the effects of 1-Methylcyclopropene (1-MCP), applied prior to or after carnauba waxing, on the quality maintenance of fieldripened 'MD-2' pineapples grown in the State of Ceará, Northeast Brazil, and exported to European markets.
MATERIALS AND METHODS
'MD-2' pineapples were harvested in the early morning from fields located in the Acaraú irrigation district, Ceará state, Brazil, and sorted out for size, shape, weight and ripeness stage, considering fruit surface color to be 75% yellow and fruit flesh to present a soluble solids content above 14°Brix. Fruits were brushed, rinsed, separated into four sets, and cooled to 8ºC. The first set served as the control, the second one was coated with a carnauba wax (18% soluble solids) commercially marketed as 'Aruá Tropical 18%', the third one was coated with wax and exposed to 500 µL.L -1 1-MCP, and the fourth one was first exposed to 500 µL.L -1 1-MCP and then coated with wax. 1-MCP was generated by mixing the SmartFresh powder with deionized water and then dispersing the 1-MCP gas into a portable chamber containing the pineapples. Fruits remained surrounded by the gas for 12 hours at 8±1ºC (90±5% RH). After the treatments, fruits were transported at 8ºC to the postharvest laboratory of Embrapa and stored for 13 days at 8±1ºC, 90±5% RH, plus 9 days at 22±1ºC, 80±5% RH.
Evaluation of visual quality, mass loss, degree of shell yellowing, firmness, flesh translucency, color, soluble solids content, titratable acidity, pH, and contents of vitamin C, total and reducing sugars, flavonoids, and carotenoids, was done right after fruit arrival at the laboratory and also at day 13, 16, 19 and 22 of storage.
The visual quality of each fruit was determined based on the following scale: 5, excellent: just fresh with turgid and shining eyes; 4, good: fresh with shining eyes showing slight dehydration; 3, fair-limit of salability: eyes presenting visible dehydration with small darkened areas and free of disease; 2, poor: eyes presenting severe dehydration with up to 25% of darkened areas and free of disease; 1, very poor: eyes presenting intense dehydration with up to 50% of darkened surface areas, juice leakage, and/or apparent signals of disease. Determination of shell yellowing was based on the following scale: eyes showing 75% yellow surface area; eyes showing 75 to 90% yellow surface area; eyes with yellow surface area above 90%. Visual quality and shell yellowing were determined by visual assessment, by three trained judges. Mass loss was determined by weighing each fruit individually throughout the storage period and then calculating weight loss in relation to fruit weight at harvest. Results were expressed as percentage (%). Flesh translucency was subjectively evaluated and scored on a half fruit, longitudinally cut, according to the affected area, based on the following scale: 1, fruit half free of translucency; 2, half showing 2 to 3 cm long translucent area; 3, half showing 3 to 6 cm long translucent area; 4, half showing translucent area longer than 6 cm.
Internal color was determined using a Minolta Chroma Meter (Minolta Corporation Instrument Systems) calibrated to a white porcelain reference plate. L*, a, b values were scored from the flesh of longitudinal halves. Results were expressed as L*, chroma and hue angle (Minolta Corp. 1994) . Firmness was determined on two opposite sides of the fruit using the TA.XT2 Texture Analyzer (Texture Technologies Corp.) and results expressed as Newton. Soluble solids (SS) were determined in juice samples taken from pineapple vertical halves with a digital refractometer (0-45ºBrix) (Palette 100, Atago, Co., Ltd) and expressed as degree Brix. Acidity was determined by titration with 0.1N NaOH, end point pH 8.2, and expressed as % of citric acid; pH was measured with a pHmeter directly in the juice. Vitamin C was determined as soon as the fruit were halved and the analyses performed in a dark room, according to the methodology reported by Strohecker and Henning (1967) . Total sugar (TS) and reducing sugar (RS) followed the methodology reported by Yemn and Willis (1954) and Miller (1959) , respectively. Flavonoids and carotenoids were determined according to the methodology described by Francis (1982) and Higby (1962) , respectively.
The trial was conducted using an entirely randomized model in a split plot design. The main plot was composed by the treatments while the subplots included five storage periods. All data were subjected to analysis of variance (SISVAR 4.3). Tukey´s test (P≤ 0.05) was used to compare treatments classification when F values were significant for main effects and the Kruskal and Wallis test was used to compare among treatments for visual quality. Data are expressed as the average of 10 single-fruits replication per treatment for evaluation of visual quality, mass loss, and degree of shell yellowing, and five single-fruits per treatment for the remaining variables evaluated.
RESULTS AND DISCUSSION
At the end of the storage period simulating shipping conditions (13 days at 8ºC, 90±5% RH), fruits presented little changes in visual quality, shell color (Table 1) and mass loss (Table 2 ) as compared to those observed at harvest, reinforcing the importance of cold storage for pineapples at this ripeness stage. Application of carnauba wax showed a very positive effect on the maintenance of fruit visual quality and delayed shell yellowing, but did not reduce mass loss significantly during the storage period simulating marketing (9 days at 22°C, 80±5% RH).
Upon transfer of the fruits from cold to room conditions, the control fruits were scored as excellent or good. After 3 days at room conditions, however, 0% of the fruits scored as excellent or 'good', only 30% scored as 'fair' and 70% scored as 'poor' (Table 1) . In contrast, 80% of waxed fruits scored as 'fair' after 6 days at conditions simulating market conditions, while only 20% was scored as 'poor'. At the end of the storage time, 10% of waxed fruits and 20% of fruits exposed to 1-MCP after waxing still scored as 'fair'.
Following transfer from shipping to market conditions, the control fruits rapidly lost their initial green color, turning almost completely yellow within three days, while those coated with wax lost only 5% of the initial color after six days of storage under marketing conditions. Beneficial effects of carnauba-based wax emulsion on the maintenance of visual quality of apples have been previously reported by Gilbert et al. (1996) .
Waxing reduced mass loss, although no significant difference was observed among treatments (Table 2 ). The beneficial effects brought by wax application were not improved by exposing fruits to 1-MCP neither prior nor after waxing. The delay in shell yellowing, as well as reduction in weight loss, reported by Selvarajah et al. (2001) for 'Queen' pineapples in response to application of 1-MCP, was not observed for 'MD-2' pineapples under the conditions of this work. The difference between those results might be due to many factors such as cultivar, fruit harvest maturity, storage conditions and duration, handling protocols prior to 1-MCP application, as well as interactions among all of these factors that may affect fruit response to 1-MCP (Watkins et al., 2004) .
Flesh translucency seemed to be initiated prior to harvest, as reported by Chen and Paull (2001) , increased throughout the storage period and was not influenced by the treatments studied. Although treated fruits presented translucent areas larger than those of untreated fruits after six and nine days under conditions simulating marketing, no statistically significant differences were observed among treatments for that period (Table 2) . Pico and Pólit (2000) did not observe any beneficial effects of waxing on flesh translucency of pineapples stored at 8ºC.
Firmness of the shell decreased with storage time, especially after 19 days of storage. No significant differences, however, were observed among treatments (Table 3) .
Treatments affected flesh luminosity, which increased from 68.42 at harvest to 72.29 at the end of the storage period simulating shipping conditions; as a consequence, fruit flesh became slightly lighter. During the period simulating marketing, however, that value decreased to 68.7. Fruits exposed to 1-MCP prior to waxing presented the lowest variation of flesh luminosity along the experimental period, which was 68.4 and 68.7 at the beginning and at the end of the experiment, respectively (data not shown).
Hue angle was not affected by the treatments with values varying from 94.16 at harvest to 93.09 at the end of storage. Chromaticity was also not affected by the treatments, but fruit flesh was a little more pigmented as chroma values rose from 39.33 at harvest to 42.13 after three days under marketing conditions, decreasing to 40.4 at the end of the storage period (data not shown). These results agree with those observed by Souto et al. (2004) , in which pineapple flesh became lighter and slightly yellower under room condition storage.
Vitamin C content of the fruits decreased along the storage period regardless of the treatments applied (Table 3) . Storage conditions played a major role in the maintenance of vitamin C, as vitamin losses were higher under room condition. Although waxed fruits presented a higher amount of vitamin C at harvest, the beneficial effect of waxing reported by Pico and Pólit (2000) was not observed in this study, as vitamin C content of waxed fruits did not differ from the other treatments. Also, the rapid decline of vitamin C on untreated `Queen` pineapples reported by Selvarajah et al. (2001) was observed, but not the effect of 1-MCP on retarding the onset of vitamin C loss.
Soluble solids values at harvest (average value of 16.3ºBrix) were kept stable during storage simulating shipping conditions, but decreased thereafter during storage under marketing conditions, presenting an average value of 14.8ºBrix at the end of the experiment (data no shown). Botrel and Carvalho (1993) also observed a decrease in soluble solids of 'Smooth Cayenne' pineapples throughout the storage period.
Fruit acidity increased during storage under shipping conditions and decreased under marketing conditions (Table 4 ). These trends were observed for all treatments and have been previously reported by Souto et al. (2004) for 'Smooth Cayenne' pineapples.
SS to TA ratio decreased during storage simulating shipping conditions (from 33.86 to 26.09) and increased thereafter during storage under marketing conditions (to 28.70) . No statistical differences occurred between treatments, but untreated fruits presented lower SS/TA values during storage simulating marketing, while fruits coated with wax presented the highest ones favoring its eating quality (Table 4 ). The general average value obtained for the 'MD-2' pineapple in this experiment (28.6) is higher than that reported by Souto et al. (2004) for ripe 'Smooth Cayenne' pineapple (22.32) .
Total soluble sugar decreased throughout the storage period. Like the trends observed in vitamin C, the decrease in total soluble sugars and reducing sugars was higher during storage than under marketing conditions. Total soluble solids decreased from 16.27 mg (100g) -1 of fresh weight to 13.63 mg (100g) -1 during storage under shipping conditions and thereafter to 8.30 mg (100g) -1 at the end of the experiment (data not shown), while reducing sugars from 6.0 mg (100g) -1 of fresh weight to 3.6 mg (100g) -1 during shipping conditions and then increased to 4.4 mg (100g) -1 at the end of the experiment (data not shown). Although the measurements of total soluble sugars (TS) were initially similar to those of soluble solids (SS). TS decreased at a faster rate than that of SS since SS measures not only sugars but all dissolved substances with a refractive index different from that of water, such as acids and salts.
Yellow flavonoids increased during storage simulating shipping, decreased thereafter until six days under marketing conditions and increased again during the last three storage days (Table 5 ). This was true for both treated and untreated fruits, but values were significantly higher for treated fruits at the end of the storage time.
1-MCP treatment prior to or after waxing resulted in a significant increase of total carotenoids contents during the storage period under shipping conditions and the first three days under marketing conditions, as compared to the other treatments (Table 5) . Thereafter, contents of total carotenoids began to decrease on fruits treated with 1-MCP and to increase on fruits treated with wax. Untreated fruits presented a linear (Y=0.1616+0.0107x, R 2 =75.18) rise of total carotenoids contents throughout the storage period.
The increase observed in chroma values throughout storage time, as previously reported, might be seen as an increase in the purity of the yellow color and reduction of grey shadows of the flesh, which may be due to an increase in flavonoids and carotenoids. The positive effect of 1-MCP on the total carotenoids content of 'MD-2' pineapple improves its nutritional value, since many epidemiological studies have consistently shown significant associations between dietary intake, blood levels of carotenoids (particularly ß-carotene) and the incidence of degenerative diseases, including several types of cancer and cardiovascular diseases, as reviewed by van Poppel (1996) .
The fact that some of the variables studied responded to the application of 1-MCP, while others did not or did it weakly may be due to the factors mentioned earlier, previously listed by Blankenship and Dole (2003) . According to Watkins et al. (2004) even responsive varieties of apples, in practice, may show no response or rather show 'degrees of response' depending on fruit ethylene production, and the effects of 1-MCP can be short or long lasting depending on many pre-and post-harvest factors that affect the fruit ethylene production.
CONCLUSIONS
Application of carnauba based wax to ripe 'MD-2' pineapple (eyes showing 75% yellow and 25% green) keeps appropriate fruit visual quality and delays shell yellowing during storage for 13 days under standard shipping conditions (8±1ºC, 90±5% RH) and at least for six days under normal marketing conditions (22±1ºC, 80±5% RH).
Application of 1-MCP in association with carnauba wax increases fruit flavonoids and carotenoids content under the conditions studied.
When considering all the variables studied, application of the postharvest treatments, allied to a rigid temperature control, prolongs fruit eating quality for at least six days more than that of untreated fruits. The key for marketing, however, may be associated to a strong advertisement campaign focusing on consumer's acceptance for flesh quality rather than external quality. Tables   Table 1. Percentage of samples visual quality, within each treatment, classified as excellent (E), good (G), fair (F), and poor (P) by the Kruskal and Wallis test at 5% and shell color development of 'MD-2' pineapples after postharvest treatment with wax and 1-MCP (SF) applied prior to or after waxing and stored for 22 days (13 days at 8±1°C, 90±5% RH, plus 9 days at 22±1ºC, 80±5% RH). 
